Abstract In order to improve the time precision of detectors based on diamonds sensors we have built a detector with two scCVD layers connected in parallel to the same amplifier. This note describes the design and the first measurements of such a prototype performed on a particle beam at CERN. With this different configuration we have obtained an improvement on the timing precision of a factor of 1.6-1.7 with respect to a single layer scCVD diamond detector. The TOTEM collaboration exploits the diamond detector good timing capabilities to measure with the utmost precision the arrival time of the leading proton in a scattering event and has recently installed in the LHC a set of timing detectors on each side of the interaction point IP5. The detectors are installed in the very small space inside a movable section of the vacuum pipe of the CERN LHC, the Roman Pot (RP); details are described in [5] .
Overview
Diamond detectors are presently used extensively in many LHC experiments ( [1] , [2] , [3] , [4] ) and in ion facilities (GSI) to monitor beam condition and rates.
The TOTEM collaboration exploits the diamond detector good timing capabilities to measure with the utmost precision the arrival time of the leading proton in a scattering event and has recently installed in the LHC a set of timing detectors on each side of the interaction point IP5. The detectors are installed in the very small space inside a movable section of the vacuum pipe of the CERN LHC, the Roman Pot (RP); details are described in [5] .
As expected tests shows that improving the S/N of the amplifier is the key element to obtain a better time precision and hence in the case of TOTEM a better longitudinal precision in the determination of the interaction vertex, given by z = c ∆ T /2 where ∆ T is the difference of the arrival time of the protons in the left and right RP, c is the velocity of light.
For a given amplifier to have larger signal one should increase the primary charge collected by the scCVD diamonds. For a larger charge collection one may increase the detector thickness, at the expense of a longer collection time. In this article we will instead use two separated scCVD diamonds in parallel to the same amplifier channel in order to double the collected charge while keeping the collection time constant. In 2004, in order to improve the signal amplitude of a pCVD beam monitor detector, H. Pernegger tested a configuration of sensors such that the charge released in two sensors traversed simultaneously by the same charged particle is sent to the same amplifier input: the "double-diamond assembly" (DD) [6] . Later also Benardzick [7] and Cardarelli [8] tried a similar configuration.
Applying this idea to the precise measurement of the time from the signals of n diamond pixels traversed by the same particle and connected in parallel to the input of the same amplifier should improve the measurement of the time precision by a factor √ n if this is compared to the combined time precision from the signals of n pixels each measured independently with its amplification chain.
Note that in the context of a time measurement the connection of two sensors in parallel is different and gives better results than simply doubling the thickness of the sensor: for the same "volume" of sensor two separate parallel sensors will provide on the average the same amount of charge to the input of the amplifier with approximately half the collection time.
The negligible leakage current of the single crystal diamond sensor with respect to the noise current of the amplifier is another decisive aspect towards the interest in a parallel connection of two diamonds.
Besides if the space available is limited (usually as in our case the thickness per layer of detector is the thickness of the electronic board) it may be more interesting to increase the number of diamond sensors per detector layer, obtaining with the same amount of sensors and half the number of boards a better time precision than the one that could be obtained from 2n independent diamond boards in the same space. This connection scheme bring also advantages on the overall system aspects, reducing the total number of channels to acquire for a certain overall thickness of the detectors and the the total amount of heat dissipated by the system.
Thanks to the small dielectric constant of the diamonds, the capacitance of pixels of area 1 − 2 mm 2 is only about 0.2 pF which is still smaller than the input capacitance of the preamplifier (≈ 0.4 pF see [5] ) therefore more than one diamond sensor can be connected in parallel to one amplifier without degradation of the timing performance if, as mentioned before, the leakage current of the single crystal diamond sensor is negligible when compared to the noise current of the amplifier.
In conclusion more than one sensor can be connected in parallel to the same amplifier: since the collected charge is double on average and even if the rise-time of the signal is the same as for a single sensor, we expect an improvement of the time precision of almost a factor 2 with respect to the one obtained from a single measurement.
Description of the Detector
Having developed a new fast and performing electronics to measure timing with a precision down to less than 100 ps we decided to test it with a double-diamond assembly; the amplifier is described in details elsewhere [5] and its schematics reproduced in Figure 1 . Diamond single crystal sensors are now easily available with a thickness of 500 µm, larger thickness with good quality crystals are difficult to obtain and reflects also on the cost per unit volume.
Two scCVD diamonds sensors of 4.5 × 4.5 mm 2 each 500µm thick are precisely aligned and glued with conductive epoxy to the HV contact present on each side of a slightly mod- ified hybrid board developed by TOTEM. The two diamonds aligned together for this measurement have a pixel structure: the pixel used for the measurement has 0.55 × 4.2 mm 2 and for 2 pixels in parallel the area and capacity is the double. The double diamond signal is compared with a signal obtained from a single scCVD diamond of similar area (pixel area 1.02 × 4.2 mm 2 ), and therefore its capacitance is within 10% equal to the one of the double arrangement. The single and double diamond are glued on the same board. The signal electrodes from a double diamond are bonded with standard 25 µm diameter Al wire to the input of the same amplifier, which will now sees summed the charge released in the two sensors. Table 1 gives the main parameters of the electronics [5] and Figure 1 is the schematic diagram of the same.
Measurements
The measurement was performed in a 180 GeV pion beam at the CERN SpS. Figure 2 shows the actual realization of the connections and a sketch of the setup used for the test beam measurements. A Micro Channel Plate (MCP) PLANACON T M 85011-501 1 detector used in previous measurements was aligned with the detector and used as a time reference as indicated in Figure 2 . From measurements performed with an Ultra Fast Silicon Detector (UFSD) [9] , the time precision expected from the MCP is of the order of 40 ps .
The flux of particles traversing the detector was about 1 KHz/mm 2 /spill. Signals are recorded with an Agilent DSO9254A oscilloscope (8 bits, 20 GSa/s) and an off line constant fraction discriminator technique is used to measure the time difference between the MCP and the diamond signal.
The amplification chain working point has not been re-optimized for best time precision. In this first measurement to compare the performance of the two connection schemes implemented on the same board the gain of the DD preamplifier has been reduced to avoid saturation of the signal. Figure 3 shows the comparison of the signal maximum amplitude as measured for a single and a double diamond mounted on the same hybrid. The average values are 0.67 V for the single diamond and 1.03 for the double. The DD rise time was ∼ 1.5 ns, which is compatible with the single crystal one. Figure 4 shows the arrival time difference between the double diamond and the MCP. The standard deviation of the Gaussian distribution is 62 ps which means, assuming the MCP time precision of 40 ps, a time precision of the double diamond of less than 50 ps. The small non-Gaussian tail at larger ∆ T values contains ∼5% of the events of the plot. Therefore an improvement of the time precision of about 1.6-1.7 is obtained with respect to the single diamond, which was measured to be ∼80 ps for a sensor with the same capacitance.
We expected that a slight offset in time in the generation of the charge from the two sensors may degrade the timing capability of the measurement. In fact due to the position Fig. 3 Comparison of the measured pulse height for a detector with one 500 µm crystal (black), and one which mounts two 500 µm crystals mounted back to back on the same amplifier (red). of the amplifier on the side of the board, a small degradation is observed for measurements performed with the beam traversing the two sensors in the opposite directions. This can be easily improved by modifying the way the double diamond sandwich is realized. The perfect alignment of the sensors on each side of the board is also of great importance to ensure a good measurement efficiency. This is one of the reason why the DD time precision measured here is not exactly equal to half of the single diamond time resolution, but better anyway than the one expected for measurements performed simultaneously on two independent diamonds.
Conclusions
The TOTEM TOF diamond detectors for the upgrade of the vertical RPs has been operated successfully in the LHC. Here we have presented a way to improve the timing precision by reading simultaneously two sensors with the same amplification chain that had been developed for the TOTEM upgrade.
A time precision improvement of a factor 1.6-1.7 has been measured for a double diamond setup when compared to the single plane detector used in the TOTEM upgrade.
